The existence of the palatal chemoreceptors responding specifically to dilute solutions of salts with monovalent cations was demonstrated in carp. The distilled water effect (a response produced by the application of distilled water after chemoreceptors had been rinsed out with hypertonic salt solutions) was assigned to the activity of the same receptor. Intensity of the response to dilute solutions of salts depended on the valency of the anion: the larger the valency, the greater the response. Positively charged sites of the receptor responsive to dilute salt solutions were suggested by previous treatments with acid and alkali, and dye salts. Increase in the ionic strength of the stimulating solution by the addition of supporting electrolytes caused a depression of response. In particular, strong depression of response was caused by the addition of a supporting electrolyte with a divalent cation. Effects of polarizing current on the chemoreceptor activity were investigated. Based upon the findings in this paper, a hypothesis is presented, which explains mechanisms underlying chemoreceptor responses to dilute solutions of electrolytes in terms of an interfacial electrokinetic process.
INTRODUCTION
The palatal chemoreceptors of the carp display a rather peculiar type of response to varying concentrations of electrolytes (Konishi and Niwa, 1964) . Dilute solutions of salts, especially those with polyvalent anions such as Na 3citrate and Na 2 HP04, produced strong responses. However, an increase in concentration depressed receptor activity, although the activity increased again at much higher concentrations. The response vs. concentration curve (concentration curve) obtained by recording an integrated response therefore displayed an inverse S-shape. The application of distilled water, immediately after the receptor had been irrigated by a salt solution at the concentration at which chemoreceptor activity was depressed, elicited a remarkable stimulatory response (distilled water effect (DWE)). Such an effect was not observed so long as the receptors had been strongly responsive to the salt solution previously applied.
In this paper, an attempt will be made to analyze further the chemoreceptor response in fresh-water fish to dilute solutions of electrolytes, and the underlying mechanisms will be considered in relation to the electrochemical phenomena at solid/liquid interfaces.
METHODS
The experiments were performed on carp (Cyprinus carpio L.) with an average body length of 38 cm. The fish was decapitated and the vagal lobe and the medulla oblongata were destroyed to abolish occasional spontaneous opercular movements. To expose the bundles of the palatine nerve innervating the palatal organ, the organ was separated from the mesopterygoid bones and lifted by hooks. The bundle innervating the anterio-lateral part of the organ was exclusively used in all experiments. The mesopterygoid bones were removed in order to facilitate further dissection.
In this paper, most experiments were analyzed by the electrical responses from the entire nerve by means of a discharging integrator (cf. Beidler, 1953; Diamont et al., 1965) . The nerve bundle was placed across a platinum wire electrode and connected to the input of an R.C.-coupled preamplifier (Nihon Kohden AVB-2) followed by an integrating circuit having a rise time of 0.23 sec. The other input was attached to the tissues and grounded. To obtain a single fiber response, the nerve was split under a dissecting microscope. To quantify the integrated neural response, the relative magnitude of the peak response was measured. The responses to varying concentrations of salt solutions were determined by beginning usually with a low concentration and proceeding toward a high one. The procedure was repeated two or more times with the same preparation. The relative effectiveness of dilute salts differed somewhat from fish to fish. Therefore, in each experiment it was necessary to analyze neural responses by using the data taken from one preparation.
Equal quantities of the test solutions (about 1 ml) were poured over the palatal organ for each trial and the organ was flushed with tap water between each application of test solutions. All DWE described in this paper were elicited by 1 ml of distilled water applied immediately after the application of about 3 ml of salt solution. The effects of the pretreatment of the receptors with acid and alkali, dye salts, and salts with polyvalent cations were studied by rinsing the sensitive region of the palatal organ with each solution for a few minutes. After the treatments the organ was washed with water before application of test solutions.
Experiment with Polarizing Current Platinum plates were used as polarizing electrodes. One electrode (5 mm square) was lightly attached to the sensitive area of the palatal organ and another electrode was put on Ringer-soaked cotton under the preparation. Nonpolarizable electrodes such as Zn-ZnS0 4 or Ag-AgCl electrodes could not be used in the present experiments, because of the inevitable emanation of ions from the electrodes. The test solution was applied a few seconds after application of a polarizing current. When the polarizing electrode on the palatal organ is anode, the current is called the anodal current, and when cathode, the cathodal current.
RESULTS

Receptors Responsive to Dilute Electrolyte Solutions
Previous observations by the author (Konishi and Niwa, 1964) suggested that the same receptor which displays a high sensitivity to very dilute electrolyte solutions may also operate in the high concentration stimulus range. How- ever, the results from single fiber analyses excluded this possibility, and proved the existence of two distinct receptor systems which are active in different regions of the sensitive saline range. One responds specifically to dilute solutions of ordinary electrolytes except for salts with polyvalent cation. The neural responses of such a receptor system were completely depressed above M/512 Na4Fe(CN) 6 and M/192 NaCl (solid curves in Fig. 1 ). In eleven carp sixteen preparations containing a functional single fiber which responded to dilute electrolytes were obtained. Salts with polyvalent cations (CaCl 2 and LaCl 3 ) and an organic electrolyte (quinine-HCl) did not stimulate this kind of fiber at any stimulus concentration. These fibers did not give persistent discharge during stimulation. Characteristic features of the integrated response to dilute solutions obtained from whole nerve are slow rise of the response and a long time interval between stimulus application and peak response magnitude (peak time) ( Fig. 3) . These same characteristics of the response to high stimulus concentration are faster and shorter respectively. The peak time vs. concentration curves for Na4Fe(CN)6 show discontinuous changes at m/512. This may be easily explained by assuming the participation of two distinct receptor systems. The single fiber analyses further showed that the DWE could be assigned to the activity of the same receptor system as that which is stimu- sec Time after stimulation lated by dilute electrolyte solutions (Fig. 1 ). The peak time of the DWE for Na4Fe(CN) 6 is shorter, and no abrupt change in the peak time is seen over a wide concentration range, although it tends to lengthen somewhat above M/512 ( Fig. 3) . Comparison of the time characteristics between integrated and single fiber responses showed an agreement; for the M/4096 Na4Fe(CN) 6 stimulation, the spike frequency/time differential had a maximum between 1 and 2 sec which nearly coincided with the peak time of the integrated response (cf. Figs. 2 and 3). Peak time of the integrated record of DWE (0.5 sec) also coincided with the maximum of the spike frequency/time differential (0 to 1 sec). These findings are further evidence that the integrated responses to dilute electrolyte solutions obtained from the whole nerve preparation may represent a summated activity of the specific receptor system responsive to dilute electrolytes. Furthermore, a similarity in shape of both concentration curves obtained from single fiber studies and from integrated neural responses in the low concentration ranges (compare Fig. 1 with Fig. 4 ) indicates that we may JIHEI KONISHI Fresh-Water Fish Chemoreceptors be able to discuss the excitability of the receptor system responding to dilute electrolyte solutions, using the data obtained with whole nerve studies.
Response to Dilute Electrolyte Solutions
RESPONSES TO VARIOUS ELECTROLYTES
The concentration curves for three sodium salts, Na 4 Fe(CN) 6 , Na 2 S0 4 , and NaCl, obtained from the same preparation by recording the integrated response are shown in Fig. 4 A. The magnitude of response increases with rising Molar concentration concentration and reaches a maximum at a concentration characteristic for each salt. The concentrations for these salts giving maximum response (peak concentration) are at M/4096 for Na 4 Fe(CN) 6 , M/2048 for Na 2 S0 4 , and M/1024 to M/768 for NaCl. A further increase in concentration depressed the response. If the response magnitude is plotted as a function of normality, peak concentrations for these salts are nearly identical, and differences may be found only in their magnitudes. The response was greatest with the high valency anions. The effects of different monovalent cation series are illustrated in Fig. 4 B, showing all salts tested producing maximal responses at M/1024 to M/512. Similar results were also obtained with different monovalent anions; all salts gave maximal responses at around M/1024 ( Fig. 4 C) , indicating that uni-univalent electrolytes behave almost quantitatively like NaCl. No definite peak of the concentration curve for NaCNS was observed with this prepara- tion, but this was an exception. The above results as well as data previously reported for another polyvalent anion salt such as Na3‫-‬citrate (Konishi and Niwa, 1964) , strongly suggest that the salt concentration yielding maximum response depends on normality, regardless of the kind of salt, and that the response magnitude may be determined mainly by the anion species, probably by its valency. The peak concentration for Na 3 -citrate is between those of Na4Fe(GN) 6 and Na 2 S0 4 or Na 2 HP0 4 (cf. Konishi and Niwa, 1964) . Dilute solutions of polyvalent cation salts (CaCl 2 , MgCl 2 , and LaCl 3 ) did not produce appreciable responses (cf. Konishi and Niwa, 1964 and Fig. 4 A) . This is confirmed by the single fiber studies; CaCl 2 and LaCl 3 do not fire the fiber specifically responding to dilute solutions of salts with monovalent cations. Another characteristic of the response to the salt with polyvalent cation is that further increase of the concentration causes a sharp rise in the responseconcentration curve, in contrast to apparent depression by the salt with monovalent cation at high concentration range.
2• EFFECTS OF PH
If the initial step in the stimulation of the chemoreceptors by salts is assumed to be some sort of adsorption (Beidler, 1954 (Beidler, , 1961 , receptor excitability would be influenced more or less by the state of ionization of the reacting groups of the receptor membrane. This might be determined by pH. Studies on the effect of previous treatments of the receptors with acid and alkali demonstrated a high pH dependence in the activity of the receptors responsive to dilute electrolyte solutions. The responses to Na4Fe(CN) 6 in very low concentration were completely depressed by pretreatment with alkali (pH 8.0), whereas no marked changes were observed for acid (pH 3.9) pretreatment ( Fig. 5 ). NaJFe(CN)6 solutions used (m/8192 to m/8) ranged from pH 5.4 to 6.8 (distilled water, pH 5.3). It is noted that the magnitude of the response to the solution above m/512 rises somewhat more after alkali treatment than does the control. The effects of treatments with alkali solutions of different pH are shown in Fig. 6 . A slight change of the pH on the alkaline side sharply influenced subsequent receptor activity, and the responses to dilute Na 4 Fe(CN)6 solutions are found to be almost completely depressed even with pretreatment at neutrality. It will be seen from Fig. 6 that final treatment with acid (HC1, pH 4.1) after a series of alkali treatments partially restores the receptors to responsiveness to dilute stimulus concentration. Depression of the responses in the high stimulus concentration region is observed after acid treatment.
EFFECTS OF DYE SALTS
As demonstrated by Loeb (1924 a) with collodion particles, it is expected that the film which is formed on the surface of a colloidal membrane by a previous treatment with specific dye ions, may greatly influence the adsorption of other ions to the membrane. It seemed of interest therefore to study the effects of dye salts on chemoreceptor response to dilute electrolyte solutions. The influences of treatment of the receptors with neutral red (dye cation) and Congo red (dye anion) previous to stimulation with dilute solutions of Na4Fe(CN) 6 are illustrated in Fig. 7 A. The marked depression of the response caused by the above dye anions, however, might not be regarded as due to their specific adsorption, but rather might be due to their pH effect. For this reason, toluidine blue (dye cation) and ponceau PR (dye anion) were chosen because the pH values of their solutions are nearly the same. Previous treatments with oppositely charged dye ions have opposite effects upon receptor activity; the dye anion lowered the stimulating effect of Na4Fe(CN) 6 , while the dye cation had no marked influence on it or sometimes caused enhancement of the response to the salt with repeated treatments (Fig. 7 B) .
EFFECTS OF POLYVALENT CATIONS
Polyvalent cations are generally known to be able to enter the inner layer of the colloidal solid/liquid interface readily (Loeb, 1924 b) . The effects of previous treatment of the chemoreceptors with some polyvalent cation salts were studied. The treatment with M/2048 CaCl 2 did not significantly change receptor excitability to a dilute solution of Na 4 Fe(CN)6 and occasionally somewhat enhanced it (Fig. 8 ). However, LaCl 3 (M/2048) depressed the response to Na 4 Fe(CN) 6 , especially at the low stimulus region of the concentration curve. 
INFLUENCES OF SUPPORTING ELECTROLYTES
Experiments were undertaken to see how an increase in ionic strength of the stimulating solution influences activity of the chemoreceptors responding to dilute electrolytes, by using Na4Fe(CN)6 solutions dissolved in supporting electrolyte (NaCl) solutions of different concentrations. The addition of M/1024 NaCl (NaCl in this concentration produced maximal response (see Fig. 4 )) depressed the response to higher concentrations of Na4Fe(CN) 6 ( Fig. 9 A) . A further increase of the concentration of NaCl caused a progressive depression over a wide concentration range, and the response was completely inhibited by the addition of M/128 NaCl (the response to NaCl alone was completely depressed at this concentration). Despite the fact that dilute solutions of both salts stimulated the same receptor, neither an additive effect nor a saturation of response by a mixture of salts was found, except for the slight additive responses to extremely low concentrations of Na4Fe(CN) 6 solution (M/16,384 and M/8192) dissolved in a dilute NaCl solution (M/1024). Addition of a minute amount of CaCl 2 as a supporting electrolyte markedly depressed the response (almost complete depression by M/2048 CaC12) ( Fig.  9 B) . However, in contrast to the effect of the uni-univalent supporting electrolyte (NaCl), the depression of the response to Na4Fe(CN) 6 by CaCl 2 in minute quantities usually took place especially at the dilute concentration region of the former salt. A similar kind of response depression by a polyvalent cation also had been observed with pretreatment of receptors with LaClg (see Fig. 8 ).
Distilled Water Effect
DWE FOR VARIOUS ELECTROLYTES
The present study has shown that the response elicited by washing with distilled water following previous application of salt solution (DWE) has its origin in the activity of the same receptors as those stimulated by dilute salts. Therefore, it seems to be important to analyze DWE in parallel with the stimulatory response to salts. The DWE usually starts to appear beginning with the salt concentration at which the magnitude of the response to the salt previously applied reaches a maximum (M/4096 in Na4Fe(CN)6, for instance); (see Fig. 10 A) . The magnitude of the DWE increases with an increase in concentration of the solution previously applied (in other words, with the progress of the depression of the response) and reaches a maximum at a certain concentration, after which a further increase in the concentration again causes diminution of the effect. Fig. 10 gives the results obtained with different electrolytes. Maxima of DWE curves for Na4Fe(CN) 6 , Na 2 S0 4 , NaCl, and other uni-univalent salts are at M/512, M/256, and M/128 to M/192 respectively. The normality relationship will be noticed in these instances as well. DWE was never observed with polyvalent cation salts in any concentra- 11 . Comparison of influences of uni-univalent (NaCl) (A) and di-univalent (CaC12) (B) supporting electrolytes on the distilled water effect for Na 4 Fe(CN) 6 . A was obtained from the same preparation as that of Fig. 9 A, and B was obtained from the same preparation as in Fig. 9 B. Abscissa, concentration of Na 4 Fe(CN)6 solution previously applied.
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tion. An outstanding characteristic of the DWE may be that its magnitude is far greater than that of the maximal response produced by a weak salt solution (as much as twice as great as the maximal response or even greater; e. g., Fig. 1 ). 
INFLUENCES OF SUPPORTING ELECTROLYTES ON DWE
Effects of the supporting electrolytes on the DWE for Na4Fe(CN) 6 are illustrated in Fig. 11 . The addition of NaCl caused a shift of the peak in the response-concentration curve of the DWE towards the side of lower concentrations, the more so the higher the concentration of supporting electrolyte, within the concentration range of NaCl between M/128 and M/1024. The maximal DWE for NaCl alone is about M/128 (see Fig. 10 ). This is seen also at the left side (on the ordinate) of Fig. 11 A. The DWE for Na 4 Fe(CN) 6 was strongly depressed by the addition of a small quantity of CaCl 2 .
DEPRESSION OF DWE BY ELECTROLYTES
The application of tap water instead of distilled water gave a feeble DWE, suggesting a depression of the DWE by electrolytes dissolved in the tap water. The effects of varying concentrations of different inorganic electrolytes on the depression of the DWE after previous adaptation to m/256 Na4Fe(CN) 6 were investigated (Fig. 12) . The DWE was inhibited by the addition of minute quantities of electrolytes to distilled water, but to different degrees by different electrolytes, even in the same molar concentration. The strongest inhibition was produced by salts with polyvalent cations. The DWE was completely depressed by M/6144 LaCl 3 and by M/4096 CaCl 2 . The depressing efficiency of three typical sodium salts could be arranged in the order: Na4Fe(CN) 6 > Na 2 S0 4 > NaCl. Complete depression occurred at M/512 Na4Fe(CN)6, M/256 Na 2 S0 4 , and at about M/192 NaCl, demonstrating a normality relationship among these values. It is important to note that these values coincide exactly with the respective concentrations at which the magnitude of the DWE's for these salts reached a maximum (see Fig. 10 A) . The above results mean that the depressing action of these three sodium salts is almost the same for the same concentration of cations, regardless of the anion, while the actions of CaCl 2 and LaC13 are 21 and 32 times as great respectively as that of NaCl. This leaves no doubt that the depressing effect is due to the cation. The results of the DWE depression by acid and alkali are illustrated in Fig. 13 , demonstrating that HC1 has a more effective depressing action than NaOH. A similar depression of the DWE was caused also by an organic electrolyte (quinine-HCl), but a nonelectrolyte (sucrose) failed to depress the DWE at any concentration below M/32; in other words, sucrose solution had the same effect as distilled water in producing the DWE (Fig. 14) .
Effects of Polarizing Current
Studies on the effects of polarizing current provide further evidence of the dual range receptor possibility. The current strength used in this study ranged from 15 to 60 !xa (before application of stimulus fluids). The effective strength varied from fish to fish. The effects of galvanic current with opposite polarity applied to the receptive field are shown in Fig. 15 . Application of a cathodal current completely depressed the fast type response which was usually pro-
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duced by high concentrations of Na4Fe(CN) 6 solution, and no appreciable change or occasional enhancement in magnitude of the slow type response to low stimulus concentration below M/512 was observed. In contrast, anodal current markedly enhanced the fast type response and lowered its threshold, while depressing the slow type response. Therefore, during anodal polarization, the integrated response to moderate stimulus concentration of Na4Fe(CN) 6 solution is composed of two response components. Thus it may be concluded that a polarizing current of the same sign has opposite influences upon the slow and fast type responses. Under anodal current, the magnitude of the response to CaCl 2 (this divalent cation salt produced only the fast type response at high stimulus region) was markedly augmented. This is identical to the situation observed for the Na4Fe(CN) 6 fast type response. As seen in Fig. 15 C, the integrated record of the response to CaCl 2 solution of low concentration is below zero under cathodal current, indicating depression of chemoreceptor activity below the spontaneous level. A similar inhibition of spontaneous discharges in the cat chorda tympani nerve by the constant cathodal current was reported by Pfaffmann (1941) . Krinner (1935) demonstrated fairly high gustatory sensitivity of trained minnows (Phoxinus) to dilute salt solutions and established a threshold of M/20,480
DISCUSSION
for NaCl. In amphibians, Zotterman (1949) found a taste receptor system which responds to pure water and is depressed by various salts. Cohen et al. (1955) suggested in cats a dual receptor mechanism subserving discrimination over an entire salt stimulus concentration range. The present results also may offer another example of a dual receptor system involved in salt discrimination, but one which is characterized by a high sensitivity to dilute salt solutions. Some of the outstanding characteristics of the chemoreceptors responsive to dilute electrolytes may be the behavior of oppositely charged ions, especially their valency effects. These phenomena may be rather difficult to explain adequately by concepts similar to those that have been advanced to interpret the mechanisms of the chemoreceptor stimulation by hypertonic salt solutions in mammals (Renqvist, 1919; Lasareff, 1922; Beidler, 1954 Beidler, , 1961 . The chemoreceptor concentration curves obtained with various dilute electrolytes resemble the curves obtained by Loeb, studying the influence of electrolytes on the cataphoretic charges of collodion (1922-23 a) and protein (1922-23 b) particles. Minute traces of salts with monovalent cations raise the cataphoretic potential difference of colloidal particles negatively, as a result of the increase of the negative charge of the particles by specific adsorption of anions to the inner region of the electrical double layer. This process is more effective the higher the valency of the anion. When a maximum potential difference is reached, a further increase in the salt concentration results in a depression of the potential difference. Polyvalent cation salts influence the cataphoretic charge of colloidal particles in a manner opposite to that of monovalent cation salts (Loeb, 1922-23 a) . Opposite behavior of polyvalent cation salts was likewise observed in the present results on chemoreceptor stimulation. The concentration curves of the chemoreceptors are also analogous to those found in the anomalous osmotic phenomenon of a collodion membrane (Kakiuchi, 1930; Sollner et al., 1954) and in the electrokinetic phenomena at glass/liquid interfaces (Furutani, 1929) . The analogy between the data on the electrokinetic phenomena observed in other materials mentioned above and the data on the chemoreceptor activity may provide a possible explanation for the mechanism underlying chemoreceptor stimulation by dilute electrolytes. This analogy suggests that an electrokinetic process which will appear at the receptor membrane interfaces and certain secondary physicochemical changes triggered by such a process may well be involved in the stimulation of the chemoreceptors. The present results leave no doubt that the chemoreceptor stimulation by dilute salt solution is due to the anion. If receptor surfaces or sites are positively charged, anions may be specifically adsorbed to the inner region of the double layer at the receptor surface; thus the adsorption of anions may determine the Stern potential (or f-potential). If so, it will be fully expected that the chemoreceptor response magnitudes would largely depend on the valency of the respective anion, assuming that the intensity of response is directly related to the magnitude of the f-potential. The normality dependency of the peak of the concentration curve suggests that the cation may play an important role in the determination of the peak.
The stimulating anions are probably adsorbed to the positively charged groups of the ampholytes of the receptor membrane ("ion fixation" of Overbeek and Bungenberg de Jong, 1949) . The response depression due to previous alkali treatment may be explained as the prevention of the adsorption of anions to the receptor surface due to negative ionization of the receptor macromolecules. It is naturally expected that acid treatment has almost no influence upon receptor activity. The results of the treatments with dye anions suggest a check on the adsorption of the stimulus anion due to a block of cationic sites. The enhancement of the response due to the repetition of dye cation treatments may be explained by assuming that the binding of dye cations with anion groups of the receptor molecules promotes adsorption of the stimulus anion. The small depressing effect of the dye anion, as compared with the strong depressing effect of alkali, may be caused by the partial adsorption of dye anions onto the receptor surface, as was suggested by Loeb (1924 a) with collodion particles. Ineffectiveness of previous treatment with CaCl 2 may also be expected, but for the present it is difficult to explain the depression of the response by previous treatment with LaCl 3 .
The finding that receptor activity is greatly influenced by the ionic strength of the solution, as well as the adsorption of specific ions to the receptor sites, appears to support strongly the proposed hypothesis which explains the mechanism of the chemoreceptor activity in terms of an interfacial electrokinetic process. It is well known in the surface electrochemistry of colloids that the increase of ionic strength in the bulk aqueous phase diminishes the f-potential of colloidal particles (Verwey, 1935 (Verwey, , 1950 Watanabe et al., 1961 a, b; Watanabe, 1964) . The diminution results either from the increase in the concentration of an electrolyte or from the addition of a large amount of indifferent electrolyte to the sol. The response depression caused by the increase in concentration of either Na4Fe(CN) 6 or NaCl in the mixed solution may be explained by such a diminution of the f-potential. If concentrations of both a stimulating salt (Na4Fe(CN) 6 ) and a supporting electrolyte with monovalent cation common to the former salt (NaCl) are sufficiently low, it is expected that the anions of both salts (Fe(CN)6 _ and CI -) may contribute to raising the f-potential by specific adsorption onto the receptor surface. The finding that the responses to dilute Na 4 Fe(CN) 6 solutions (M/16,384 and M/8192) dissolved in a weak NaCl solution (M/1024) are somewhat larger in magnitude than the responses to the solutions without supporting electrolyte may be explained by the above concept (see Fig. 9 A) . The strong depressing effect of a salt with a polyvalent cation, such as CaC12, observed when it is added as a supporting electrolyte, suggests that the depression of response with increasing ionic strength of solution may be due to a screening effect caused by the approach of cations to the inner region of the double layer of the receptor (diminution of the f-potential due to a decrease in the diffuse doublelayer thickness). A similar depressing effect of the cation on the cataphoretic potential of collodion particles was demonstrated by Loeb (1924 b) . A less likely possibility to account for the depression by addition of a supporting electrolyte is the competitive inhibition (Beidler, 1961) ; less likely because of the complete depression of the response by addition of a supporting electrolyte (ordinary electrolyte such as NaCl) of high concentration. The possibility may also be discounted by the finding that stimulation and depression of the response may be produced by oppositely charged ions.
Under the conditions of the f-potential depression, the sudden reduction of the ionic strength in the outer region of the double layer by washing with distilled water will naturally be followed by a rise in the potential. It seems not unreasonable to interpret a possible cause of the DWE by this process. In particular, the present study demonstrated that the depression of the DWE by salts was due to the cation. Furthermore, the response depression caused by the increase of the ionic strength of salt solutions might also be due to the effect of cations which entered the inner region of the double layer. These observations strongly suggest that the effective removal of cations from the receptor interfaces may lead to initiation of the DWE.
The mechanisms underlying the polarization effects on the response to dilute salt solutions are not yet known, but one possible interpretation may be that a cathodal electrotonus facilitates while an anodal electrotonus inhibits the adsorption of anion which increases the Stern potential. Anodal current had the same influence upon the response to Na 4 Fe(CN) 6 solution of high concentration and the response to CaCl 2 . In view of this finding, it seems most likely that cations may chiefly participate in the stimulation process at the high stimulus region of the concentration curve. This appears to be consistent with Beidler's findings (1954) . The effects of electrotonus have hitherto been studied on many other excitable tissues such as the stretch receptors (Kuffler and Eyzaguirre, 1955) and the Pacinian corpuscle (Loewenstein and Ishiko, 1960) . The activities of these receptors all were enhanced under anodal currents and were depressed under cathodal currents. The behavior of the chemoreceptor system operating in high salt ranges appears to be analogous to that of the excitable tissues cited above. A behavior opposite to that of polarizing current such as is found in the chemoreceptor system operating in dilute salt ranges has been reported only for the retina (Granit and Helme, 1939; Granit, 1948) and more recently for olfactory receptors (Higashino and Takagi, 1964) .
The present hypothesis offers a plausible explanation of a chemoreceptor stimulation mechanism in terms of a physicochemical model. How does the rise and fall of electric potential of the double layer (at the receptor surfaces), which is related to the electrokinetic phenomena (such as cataphoresis and electroosmosis) and the stability of hydrophobic colloids, lead to excitation and inhibition of the chemoreceptor? The answer is not yet known, but it seems possible that ionic movements brought about by certain electrokinetic driving forces may determine the activity of the chemoreceptors responding to dilute electrolytes. In this connection, the theory of Teorell (1959 a, b,  1962) , who analyzed the behavior of excitable tissues in terms of electrokinetic properties, is very attractive.
